Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
INTRODUCTION
Since the pioneering work by Adelman and Robinson (1978) for South Korea and Lysy and Taylor (1980) for Brazil, many Computable General Equilibrium (CGE) models for developing countries combine a highly disaggregated representation of the economy within a consistent macroeconomic framework and a description of the distribution of income through a small number of representative households (RHs).
However, in order to account for heterogeneity among the main sources of the changes in household income, several "representative households" are necessary. Despite this need for variety, the number of RHs is generally small in these models (usually less than 10).
Usually, the level of disaggregation depends critically on the questions that the model is expected to answer: the household account is broken down into a number of relatively homogeneous household groups to reflect the socioeconomic characteristics of the country or region under consideration. The degree of homogeneity is essential in the design of classifications, and especially in the classification of household groups, where one would like to identify groups that are relatively homogeneous in terms of income sources and levels, and expenditure patterns, and that may be able to reproduce the socioeconomic and structural stratification observed within the society and the economy under study. It is noteworthy anyway that a household classification based on income or expenditure brackets does not satisfy any of these requirements -except perhaps the last one. Indeed, consider for instance the poorest segment of the society (say the bottom decile of the income pyramid): it may include very different household heads, such as a landless agricultural worker and a urban informal sector worker, and policies aimed at improving conditions in the two cases are likely to be very different.
The CGE/RH framework sometimes also explicitly considers that households within a RH group are heterogeneous in a "constant" way. That is, in order to capture within-group inequality, it is assumed that the distribution of relative income within each RH follows an exogenous statistical law 1 . But the assumption that relative incomes are constant within household groups is not reflected in reality. Indeed, empirical analyses conducted on household surveys show that the within-group component of observed changes in income distribution is 1 For early applications of this type of models, see Adelman and Robinson (1978) , and Dervis et al. (1982) , who specified lognormal within-group distributions with exogenous variances. More recent examples of this kind of models can be found in Decaluwé et al. (1999a) , Colatei and Round (2000) and Agénor et al. (2001) .
generally at least as important as the between-group component of these changes 2 . Thus, the RH approach based on this assumption may be misleading in several circumstances, and this is especially true when studying poverty. This argument may be better understood by presenting an example: consider a shock which increases the world price of a specific commodity, say maize, and reduces the world demand for this good. Under the small country assumption (that is, the country is price-taking on the world market), and assuming a demand elasticity with respect to price that is less than one in modulus, a country exporting this good will see a decrease in its exports and a domestic contraction of this sector. After the simulation of the shock with a CGE/RH model, suppose that we find a little change in the mean income of a RH group, say workers in the agricultural sector. In this case, poverty might be increasing by much more than suggested by this drop in income: indeed, in some households there may be individuals that lose their job after the shock, or that encounter more difficulties to diversify their activity or their consumption than others. For these individuals or families, the relative fall in income is necessarily larger than for the whole group, and this fall in their income is not represented by the slight fall in the mean income of the whole group. Suppose moreover that the initial income of these individual was low. Then poverty may be increasing by much more than what predicted by a simple RH model, which is based on the assumption of distribution neutral shocks. So, the RH approach does not capture the effects that a shock or a policy change may have on single individuals or households.
As it is well emphasized in Savard (2003) , another significant drawback in linking the intragroup distribution change to a statistical law that is completely exogenous is that no economic behaviour is considered behind this change in within-group distribution 3 .
2 After Mookherjee and Shorrocks' (1982) study of UK, there are now other examples of "within/between" decomposition analysis of changes in inequality that indicate that changes in overall inequality are usually due at least as much to changes in within-group inequality as to changes in the between-group component. Among the applications to developing countries, see Ahuja et al. (1997) , who applied this decomposition analysis to the case of Thailand, and Ferreira and Litchfield (2001) for Brazil. 3 The intra-group distribution change is usually linked to a theoretical statistical relationship between average and variance of the lognormal distribution. Savard (2003) also underlines the fact that the average behaviour of a specific group is biased towards the richest in the group. Standard CGE models, indeed, use household groupings that take into account the total income and expenditure of each group and the behavioural parameters which are generally calibrated at the base year. In most of the models these parameters reflect the aggregate and not necessarily the average behaviour. Thus, as the richest of a group are endowed with most of the factors, their behaviour will be dominant in the group. Moreover, keeping in mind that when doing poverty analysis is very impor-In order to overcome these problems, the recent literature has tried to develop new modelling tools which should be able at the same time to account for heterogeneity and for the possible general equilibrium effects of the policy reform (or the exogenous shock) under study. In view of the fact that most of the available economic models have either a microeconomic or a macroeconomic focus, and they do not address the question adequately, the recent literature has focused on the possibility of combining two different types of models. Most of the economic policies (structural adjustment programs or trade liberalizations, for example) and of the exogenous shocks commonly analyzed for developing countries (such as fluctuations in the world price of raw materials and agricultural exports) are often macroeconomic phenomena (or may have, at least, some structural effects on the economy), while poverty and inequality are mainly microeconomic issues. Thus, an approach that takes into account these important micro-macro linkages, seems to be the right answer to the problem. In particular, some authors have tried to link microsimulation models to CGE models 4 , in order to account simultaneously for structural changes, for general equilibrium effects of the economic policies, and for their impacts on households' welfare, income distribution and poverty. The literature that follows this approach is quite flourishing in recent years: there are, among others, the important contributions by Decaluwé et al. (1999a) and (1999b), Cogneau and Robilliard (2001 and , Cockburn (2001) , Cogneau (2001) , Bourguignon, Robilliard and Robinson (2003b) , Boccanfuso et al. (2003) and Savard (2003) .
The aim of the paper is to give an assessment of recent developments in this field, with a special concern for the different types of linking that are currently used in the literature.
In particular, we will link the microdata from a survey to a CGE model in three different ways: through a full integration of the survey data into a CGE framework, as it is done for instance in Cockburn (2001) ; by linking a behavioural microsimulation model to a CGE through a set of specific equations, which is the so called Top-Down method, as it is developed in Bourguignon et al. (2003b) , and finally through a method which was developed by Savard (2003) , also known as Top-Down/Bottom-Up (TD/BU) model.
We will build all the three types of models using the same data from a fictitious economy. After this, by running an identical policy reform in the three models, we will analyse the differtant to consider the behaviour around the poverty line, nothing really demonstrates that the average of aggregated behaviour will be representative of the households around the poverty line.
ent outcomes deriving from different types of linking. The choice for the use of fictitious data describing a simple economy is made with the aim of being able to understand better the differences that are observed in the results of the models, and to try to "go behind" these differences and look for the causes that generate them. Of course, this is of more difficult realization when using true data of a real and thus more complex economy, which naturally shows more a complex structure in its economic relationships.
Finally, we will analyse in more detail the TD/BU approach as developed by Savard (2003) and propose an alternative way of taking into account feedback effects from the micro level of analysis into the CGE model.
THE INTEGRATED APPROACH
The main intuition behind this approach is to simply substitute the Representative Household
Groups inside a standard CGE model with the real households that are found in the survey 5 .
This way, one passes from a model with, for instance, ten representative agents to a model with thousands of agents, thus increasing the computational effort, but leaving substantially unchanged the modelling hypothesis of a standard CGE model. Basically, this approach does not include a true microsimulation module in the modelling framework, but it tries to incorporate the data from the household survey into the CGE model.
The first step to build such a model is to pass from the representative households' data of the survey to population values; to do this, one should weight each variable at the household level with the weights usually given in the survey, thus obtaining population values for each variable.
After this, we need a procedure to reconcile these population data coming from the survey (incomes and expenditures) with the accounts contained in the social accounting matrix (SAM).
The literature on data reconciliation offers different alternatives. One may choose to keep fixed the structure of the SAM and adjust the household survey, or otherwise to adjust the SAM in order to meet the totals of the household survey. Another alternative would be that of using an intermediate approach. Whatever the method used, however, one necessarily loses the structure of the original data, which is one of the main drawbacks of the integrated approach. Our choice was for the first alternative, and we kept the original composition of households' incomes and expenditures unchanged.
After these changes in the SAM, one encounters the problem of re-balancing it (row totals must be equal to column totals). To do this, we used an appropriate program that minimizes least squares 6 .
The CGE model is the one described in section 3.2, except for the fact that we have added an index which refers to households 7 .
A thing should be noted at this point: certain types of equations that are commonly included in a behavioural model, such as occupational choice equations, are not easily modelled within standard CGE modelling softwares 8 , so that CGE-MS that follow the fully integrated approach are not always able to capture the behavioural responses of the agents to the policy reforms that are implemented. Instead, micro-econometric behavioural modelling provides much more flexibility in terms of the modelling structure used, and is more suitable to describe the complexity of household and individual behaviour, and the way this may be affected by the changes in the macroeconomic framework that are subsequent to a policy reform or an external shock.
The main point here is that with a CGE model like the one used for the integrated approach we are not able to predict which particular individual will enjoy the reduction (or will suffer from the rise) in the employment level on the basis of some characteristics of the individual or of the household that can be observed; this instead can be done through a behavioural microsimulation model.
Indeed, the main feature that differentiates a microsimulation model from a standard CGE framework (not only one with representative agents, but even one with thousands of households from a survey, as we have seen) is that it works at the individual level, selecting those 6 There exist different principles on which SAM-balancing programs can be based, such as the "Row and Sum" or RAS method (see Bacharach, 1971) , least squares minimization principles, known also as Stone-Byron methods (see Stone (1977) and Byron (1978) ), or the more recent cross-entropy approach proposed by Robinson et al. (2001) and Robilliard and Robinson (2003) .
For example, the consumption demand function in Appendix A becomes: , where m is now the index for households. 8 To this regard, see Savard's (2003) discussion about the limits and advantages of the various approaches of linking.
individuals that show the highest probability of changing their labour market status, on the basis of their personal or family characteristics. This fact could bring above significant differences in the results between the two types of models, even after the same policy simulation, as
we will see below.
THE TOP-DOWN APPROACH
We apply now the sequential or Top-Down approach as described in Bourguignon et al. (2003b) .
The basic idea is to develop separately a MS model and then to run the simulation on the basis of changes in consumer/producer prices, wages, and sectoral employment levels as predicted by the CGE model. This approach thus uses the two frameworks in a sequential way: first, the policy reform is simulated with the CGE model, and the second step consists of passing the simulated changes in some variables such as prices, wage rates, and employment levels 9 down to the MS module, as illustrated in Figure 1 .
CGE model
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A vector of changes in: -Prices, wage rates and interest rates -Quantities (for ex. occupational levels)
MS model
New income levels after simulation
Output
Figure 1 -The Top-Down Approach 9 When the assumption of imperfect labour market is adopted, or when the presence of a formal and an informal sector is predicted, the rationing in the labour market is usually carried out in the macro or CGE model, while the main use of the MS module is to select those households or individuals who will actually be barred out of, or let in, employment, or the formal sector. We will see this in more detail in the simulation section.
The Microsimulation Module
The main role of the microsimulation module in the linked framework is to provide a detailed computation of net incomes at the household level, through a detailed description of the taxbenefit system of the economy, and to estimate individual behavioural responses to the policy change. For instance, through the use of microeconometric equations, we can model behaviours such as labour supply or consumption.
Behavioural Microsimulation (MS) models are developed to capture the possible reactions of the agents to the simulated policies, so that what happens after a reform can be very different from what is predicted by the simple arithmetical computations included in an accounting model.
In this section we will describe in detail a simple behavioural model, following quite closely the discrete labour supply choice model used in Bourguignon et al. (2003b) . Another description of a similar MS model for labour supply can be found in Bussolo and Lay (2003) with their model for Colombia, and in Hérault (2005) , who built a model for the South African economy.
For the building of the model we will use fictitious data describing a very simple economy. In the household survey we have information about some individual characteristics, such as age, sex, level of qualification, education, labour and capital income, the eventual receipt of public transfers, and the activity status. For the sake of simplicity, we have stated that each individual at working age can choose between only two alternatives: being a full-time wage worker, or being unoccupied. There are other variables in the survey that are referred to households rather than to individuals, for example the area of residence, the number of household components, the number of adults (over 18 years old) and children (under 18), and so on.
All consumption goods of the economy are grouped in two main categories 10 .
We derive income variables referring to households from initial individual data by summing up individual values for each household member; this way, we obtain households' labour and capital incomes, households' public transfers and households' total income: 10 The focus of our distribution and poverty analysis will be on disposable income, even if an inequality and poverty analysis could also be conducted on expenditure rather than on income levels.
where YL mi is labour income of individual i member of household m, YK mi his/her capital income, and TF mi are the public transfers he/she receives from government. All these quantities are summed up for each family over all the individuals belonging to the family (NC m is the number of components of household m); then, household m's total income, Y m , is the sum of all incomes received by the family: labour income, capital income, and public transfers.
For the benchmark situation, we assume all initial prices normalized at one. 
The Model
The core of the behavioural model is represented by the following two equations:
Regression model for log-wage earnings:
Choice of labour market status:
The rest of the MS module is made up by simple arithmetical computations of price indices, incomes, savings and consumption levels. As the parameters entering the following equations Each individual at working age has to choose between two alternatives: being a wage worker, 11 In the literature this kind of equation is known as occupational choice model, or selection model (and also discrete choice model of labour supply). However, it must be specified that this equation is not really intended to explain the individual choice between being occupied or unemployed, but rather it tries to find out which characteristics strengthen the probability of being in one condition rather than in the other one for each individual, as it is described in more detail in the estimation section below.
or being inactive. The variable is a dichotomic variable taking value one if individual i of household m decides to be a wage worker, and zero otherwise. The choice is made by each individual according to some criterion, the value of which is specific to the alternative, and the alternative with the highest criterion value is selected. A natural economic interpretation of this criterion value is utility: each individual chooses the alternative with the highest associated utility. Indeed, we will estimate the selection model using a binomial logit specification, which assigns each individual to the alternative with the highest associated probability. In our model we have arbitrarily set to zero the utility of being inactive. The fourth equation computes household disposable (after tax) income by applying income tax rates according to the rule reported in Table 1 . In order to simplify computations, we have assumed that in this economy direct income taxes are imposed on households' total income Y m , and not on individual incomes. Moreover, we assume that public transfers paid to households and household capital endowments are exogenously given. They are fixed at the level reported in the survey, for public transfers, and at the level as computed in equation (B.13), for capital endowment, respectively.
Estimation of the Model
The only two equations in the MS module that need to be estimated are equations (B.1) and
(B.2).
The former, which expresses the logarithm of wage earnings as a linear function of some individual characteristics and of λ mi , the inverse Mills ratio, was estimated using a Heckman twostep model (see Heckman (1976) and (1979)). We follow this approach to correct for the selection bias which is implicit in a wage regression, that is, the fact that we observe a positive wage only for those individuals that are actually employed at the moment of the survey.
The results of the estimation are reported in Table 2 below. The estimation was conducted on the sub-sample of individuals at working age (16-64). The interpretation of the coefficients for the wage equation thus follows that of a simple linear regression. As we can observe in Table 2 , age, schooling and skill level have a positive effect on the wage, while being a woman shows a negative effect.
It is important to say that the aim of the wage equation within the model is that of obtaining an efficient estimate for an eventual wage income only for those individuals that are observed to be inactive in the survey, in the case that, after a policy reform, one or more of them will change their labour market status and become wage workers. In this case, through these estimates, we will be able to assign an estimated wage to the individual that has changed his/her labour market status after the simulation run.
For all the other individuals that are observed to receive a wage in the survey, we use instead the observed wage level and not the estimated one.
Parameters of equation ( Table 3 . 12 The Extreme Value distribution (Type I) is also known as Gumbel (from the name of the statistician who first studied it) or double exponential distribution, and it is a special case of the Fisher-Tippett distribution. It can take two forms: one is based on the smallest extreme and the other on the largest. We will focus on the latter, which is the one of interest for us. The standard Gumbel distribution function (maximum) has the following probability and cumulative density functions, respectively:
A binomial model states that the probability of observing the dependent variable assuming value one, given the explanatory variables (OCS mi = 1|Z mi ), is equal to the cumulative distribution function of i ε (the Extreme Value Type I distribution in our case), evaluated at β·Z mi , that is:
(B.14)
The effects that the explanatory variables have on the dependent binomial variable are not linear, because they get channelled through a cumulative distribution function. Thus, by observing the values and signs of the estimated coefficients, we can say something about the effect that explanatory variables have on the probability that the dependent binomial variable takes value one (wage worker), relatively to the probability that it takes value zero, but not in a linear way.
For instance, expected real wage and qualification seem to influence in a positive way the probability that the dependent variable takes value one (the more qualified the individual is, the higher is the probability for him/her to be employed), as well as the presence of children under 6 does, which is the opposite of what was expected, but anyway this result is not significant. Moreover, for men the probability of being employed is higher than for women, as the variable SEX, which takes value zero for men and one for women, shows a negative coefficient. The same can be said about the region of residence: people living in the first region have a higher probability of being employed than people living in the second one. The variable referring to education, instead, seems to have a negative influence on the probability of being employed, which is the opposite of what we expected, and anyway it is not highly significant.
However, with the estimated coefficients we cannot perfectly predict the true labour market statuses that are actually observed in the survey. Thus, following the procedure described in Duncan and Weeks (1998) , we drew a set of error terms i ε for each individual from the extreme value distribution, in order to obtain an estimate that is consistent with the observed activity or inactivity choices. From these drawn values, we select 100 error terms for each individual, in such a way that, when adding it to the deterministic part of the model, it perfectly predicts the activity status that is observed in the survey. In other words, the residual term for an individual that is observed to be a wage earner in the survey should be such that:
while, for an individual that is observed to be inactive in the survey, the same inequality should be of opposite sign (≤).
After a policy change, only the deterministic part of the model is recomputed. Then, by adding the random error terms previously drawn to the recomputed deterministic component, a probability distribution over the two alternatives (being a wage worker or being inactive) is generated for each individual. This implies that the model does not assign every individual from the sample to one particular choice, but it gives the individual probabilities of being in one condition rather than in the other. This way, the model does not identify a particular choice for each individual after the policy change, but generates a probability distribution over the different alternatives 13 .
The CGE Model
The CGE model for the fictitious economy is characterized by a representative household who maximizes a Cobb-Douglas utility function with three arguments: leisure and two consumption goods. These commodities are also used as inputs, together with capital and labour, in the production process, which is operated by two firms following a Leontief technology in the ag- are mobile among sectors. The capital endowment is exogenously fixed, while labour supply is endogenously determined through household's utility maximization (subject to fixed time endowment). The wage elasticity of labour supply is estimated from the household survey, in order to have consistency in labour supply behaviour between the two models. Investments are savings-driven, while government maximizes a Cobb-Douglas utility function to buy consumption goods and uses labour and capital. The public sector also raises taxes on household's income and tariffs on imported goods, while it pays transfers to the representative household.
For the foreign sector we have adopted the Armington assumption of constant elasticity of substitution for the formation of the composite good (domestic production delivered to domestic market plus imports) which is sold on the domestic market. Domestic production is partially delivered to the domestic market and partially exported, according to a Constant Elasticity of Transformation (CET) function. The small country hypothesis is assumed (the economy is price taker in the world market). The calibration of the parameters of the CGE model is done on the basis of a Social Accounting Matrix (SAM) for the economy, in such a way that the benchmark situation is consistent with that of the microsimulation module (for instance, in the benchmark of the two models we have the same average income tax rate, the same average marginal propensity to save, the same budget shares for consumption of the two goods, and so on).
The SAM for the economy under study and the initial values of some other variables are reported in Tables 4 and 5 , while the equations of the model can be found in Appendix. The data in the SAM are in millions of the monetary unit we have used for the survey.
Linking the Models
The basic difficulty of this approach is to ensure consistency between the micro and macro levels of analysis. For this reason, one may introduce a system of equations to ensure the achievement of consistency between the two models 14 . In practice, this consists in imposing the macro results obtained with the CGE model onto the microeconomic level of analysis. In particular:
1) changes in the commodity prices, P q , must be equal to those resulting from the CGE model;
2) changes in average earnings with respect to the benchmark in the micro-simulation must be equal to changes in the wage rate obtained with the CGE model;
3) changes in the return to capital of the micro-simulation module must be equal to the same changes observed after the simulation run in the CGE model; 4) changes in the number of wage workers in the micro-simulation model must match those observed in the CGE model.
For our model, these consistency conditions translate into the following set of constraints, which could be called linking equations:
Consumption levels:
Logarithm of wage earnings:
Capital income: 2), and this will shift proportionally all the individual probabilities of being a wage worker, without changing their relative positions in the probability distribution, only to let some more individuals to become employed (or some less if the employment rate of the CGE model is decreased), irrespectively of their personal characteristics. This change in the intercept will be of the amount that is necessary to reach the number of wage workers resulting from the CGE model. Thus, this choice preserves 15 And, in this case, his/her new wage level will be determined by the regression model of wage earnings.
the ranking of individuals according to their ex-ante probability of being employed, which was previously determined by the estimation of the binomial model. For this reason the change in the intercept parameter satisfies this neutrality property.
THE TOP-DOWN/BOTTOM-UP APPROACH
This approach was developed by Savard (2003) . It allows overcoming the problem of the lack of consistency between the micro and macro levels of the Top-Down approach by introducing a bi-directional link between the two models: this is the reason why this approach is also called "Top-Down/Bottom-Up". According to this method, indeed, aggregate results from the MS model (such as consumption levels and/or labour supply) are incorporated into the CGE model, and a loop is used to run both models iteratively until the two produce convergent results.
The value added of this approach is that it takes into account the feedback effects that come from the micro level of analysis, which are instead completely disregarded by the Top-Down model. The basic assumption behind this approach is that the microeconomic effects provided by the MS model run do not correspond to the aggregate behaviours of the representative households used in the CGE model, and that it is thus necessary to take these effects back into the CGE model to fully account for the effects of a simulated policy. A stylized scheme of the way in which this approach works can be observed in Figure 2 . 
SIMULATION
We will now run a policy simulation with each of the three models. The simulation will be an exogenous shock on the world price level of the good exported by sector 2, which is the labour intensive sector in our stylized economy. The world price of good 2 is reduced of 64 % from its initial value. 16 The choice for consumption and labour supply as communicating variables is made following Savard (2003) . 
. Following Savard, we choose to endogenize the marginal propensity to save, mps, which is now a variable that changes in order to satisfy the budget constraint.
In addition, we introduce an exogenous level of labour supply into the CGE model, and just leave out the equation that determines the demand for leisure (equation C.2 in Appendix A). This way, equation C.3 will now yield the demand for leisure as the time remaining after having supplied an exogenous level of labour. 17 In this case, we only introduce an exogenous level of labour supply into the CGE model, just leaving out the equation that determines the demand for leisure (equation C.2 in Appendix A).
The simulation results for the most relevant macroeconomic variables are reported in percentage changes in Tables 6 and 7 . In the table, also the two different strategies adopted for the TD/BU approach are taken into account, so that we will compare the results coming from the introduction into the CGE model of, respectively, the consumption level and the labour supply coming from the microsimulation module, and only the labour supply. In general, we can say that we have very similar results for most of the macro variables in all the four simulations. The shock has negative effects on the economy. Indeed, as we can observe in Table 6 , the fall in the price of the exported good for sector 2 causes a reduction of the production level for this sector, which reduces its demand for both factors of production.
However, due to the depreciation of local currency, the reduction in the local price of the exported good is lower than the 64% world price reduction. For the same reason, exports for the other production sector become convenient, so that for this sector we observe an increase in the level of the exported good, an increase in the production level, and in the demand for capital and labour. The depreciation of local currency has a negative effect on the level of imports, which contributes to a decrease of the amount of goods sold on the domestic market.
The lower level of labour demand as a whole (the second sector is labour-intensive, as can be observed in the SAM, Table 4 ) generates a reduction in the wage rate, which causes a decrease in labour supply. The opposite is observed for capital, as the first sector is more capitalintensive. As a consequence of the change in the price of the factors, government increases its demand for labour input and decreases the demand for capital, as the latter has become relatively more expensive.
As the income of the representative household is based chiefly on the supply of labour, we observe a reduction in nominal income and, as a consequence, of savings and consumption expenditure. The amount of consumption goods always decrease, but the percentage change varies according to the change in their relative price: the commodity produced by the second sector has become relatively more expensive, due to the negative shock that hit the sector.
As investments are savings-driven, we observe also a reduction in the demand for investment goods (again, the investment good produced by the second sector is now relatively more expensive, so we observe a higher reduction for the demand of this good).
However, a particular result needs further explanations: savings and investments in the TD/BU-C&LS model decrease much more than in the other three models. The reason for this lays in the fact that, in order to be able to introduce exogenous consumption levels into the CGE model, we must endogenize one variable in the households' budget constraint to keep the equilibrium in this constraint. Savard's choice is for the marginal propensity to save, and we follow his approach. But the consequence of this will be a change in the household behaviour with respect to the initial assumptions made for the benchmark. Indeed, the marginal propensity to save of the household will decrease, and thus also households' savings. As in our model investments are savings-driven, this will generate a further reduction of investments.
We will analyse this aspect further in the next subsection (5.1).
With respect to the microeconomic results, and mainly the changes in poverty and inequality, we can observe in Table 8 and 9 that the differences are generally significant only for the case of the integrated model.
The underlying variable for the computation of the indices is per-capita real disposable income, obtained by dividing disposable income by the household specific consumer price index 18 , and then dividing it again by the number of adult equivalents resulting by the "Oxford"
or "Old OECD" scale (see OECD, 1982) . This equivalence scale calculates the number of adult equivalents living in a household by assigning a value of 1 to the first household member, of 0.7 to each additional adult and of 0.5 to each child: First of all, we observe that the Top-Down and the TD/BU-Labour Supply approach show almost identical results for what concerns both poverty and inequality indices.
The TD/BU-C&LS model we observe a smaller effect on inequality, but in the same direction as for the other two models, and the same is true for poverty. 18 The household specific price index is computed using households' consumption shares and the change in prices deriving from the CGE model, as follows: .
The biggest difference in the microeconomic results is to be detected in the integrated approach, where we observe a higher increase both in the inequality and poverty indices. The increase in inequality for the integrated approach is also confirmed by the higher level of the Severity of Poverty Index, which measures the degree of inequality among the poor, while a higher Poverty Gap Index indicates that the gap between the income of the poor and the poverty line has increased (see Appendix B for more details on poverty indices). 
More on the TD/BU Approach
In this subsection we want to investigate further what happens within the TD/BU approach in general, and in particular we will try to understand which is the main cause of the unusual deviation that is observed in the level of savings under the TD/BU-C&LS approach.
At a first intuition, such a deviation could be generated either by a problem of initial data inconsistency between the two datasets (the SAM and the survey), or by what we will refer to as "feedback effects" from the microeconomic level of analysis. With this concept we intend to incorporate all the effects that derive from a response (behavioural or not) of the agents in the MS model that is different from the one observed in the CGE model for the Representative Household (RH). This difference could be due either to a different way of modelling a particular behaviour in the two models (for instance, in the case of labour supply, the MS model uses a discrete and individualized concept of labour supply, while in the CGE model we have a continuous labour supply defined for the RH), or simply to the fact that in the MS model we consider single households as the unit of modelling, while in the CGE model we have a unique RH (as for consumption and savings, for instance).
In order to check whether the problem derives from an initial data inconsistency, we will run the same model using a new Social Accounting Matrix, which has been built in such a way that it is fully consistent with the data observed in the survey appropriately aggregated. As we can observe in Table 10 , the variables that were adjusted to survey data are those in the grey cells, while all the other columns and rows were then rebalanced to obtain full consistency 19 .
By comparing this SAM with the original one in Table 4 , we can observe that in our case initial data inconsistencies were not very big (the biggest inconsistency is observed in the savings level). With the SAM shown in Table 10 , we will run the shock on the export price of sector 2 as before (-64%). Results are reported in Tables 11 and 12 for the TD/BU-C&LS (consumption and labour supply levels are reported from the MS model into the CGE model) and the TD/BU-LS (only labour supply is reported from the micro level) approaches. Observing the result for savings in the TD/BU-C&LS approach, we can see that in our case data inconsistencies were responsible only for a 2% change in the marginal propensity to save and in the savings level.
This means that the remaining change of around 13% (the difference between the change ob- 19 To rebalance the SAM a least square minimization method was used.
served in the other approaches, around 9%, and the one observed in this approach, 22.24%) is to be attributed to the feedback effects from the MS model.
Observing the results for the TD/BU-LS approach we discover instead that the change in labour supply that was observed after the first iteration (-1.32% instead of -1.18% of the first iteration) was due only to a problem of data inconsistency and not to feedback effects from the MS model. This means that modelling labour supply as a discrete choice and individually in the MS model does not affect the results of the macro model in a significant way, at least for what concerns our particular case. Once we have established that in the case of the TD/BU-C&LS approach most of the deviation in the savings level (13% against a 2% due to data inconsistencies) is to be attributed to feedback effects coming from the micro level of analysis, we want now to understand which is the variable or the parameter that affects mostly this deviation. Intuitively, as we have already seen with the TD/BU-LS approach that the different way of modelling labour supply does not have big effects, then this deviation in the savings level must be due to the fact that in the MS model we have expenditure shares and tax parameters that are specific to every single household, while in the CGE model there is only one RH group with "average" shares and parameters (in this sense ours is an extreme case, as we have only one RH in the CGE model). In order to understand which is the parameter that particularly affects the deviation in the savings level, we run the MS model using for all the households the RH's shares taken from the CGE model, instead of the shares and parameters that are observed in the survey for each household. The communicating variables from the MS model to the CGE model will remain the ones used in the TD/BU-C&LS approach, that is consumption levels and labour supply. Results in Table 13 clearly indicate that the main cause of difference between the two models is to be detected in the income tax rate, while labour supply and expenditure shares account only for a small part of it (the change in the savings level remains at 22% in these cases). When we use all the parameters from the CGE model (labour supply change, income tax rate, mps and consumption shares), the deviation in the savings level is almost reduced to zero, as it was to be expected. These results are not surprising, as the income tax rate in the MS model is modelled in a way that is not linear with respect to the income level, as the rate depends on the income brackets to which household income belongs. Of course this feature is not captured at all in the CGE model, where we have a unique tax rate for the RH that is merely proportional to his income.
Under the TD/BU-C&LS approach, while transmitting the consumption level from the MS to the CGE model, we were implicitly transmitting a level of disposable (after tax) income that was incompatible with the one of the CGE model 20 .
As a consequence of our modelling choices (made following Savard, 2003) , all the effect of the mismatching between the disposable income levels of the two models is going into the change in the marginal propensity to save, then into the savings and investments levels as a consequence, but it was not transmitted in a significant way to the rest of the economy. Indeed, if we observe the results in Tables 6 and 7 , we would be tempted to say that, except for these big deviations in savings and investments levels (and a lower difference in the level of consumption), for the rest feedback effects do not appear to bring about significant differences in the results. This is even more evident once we have eliminated the effects coming from data inconsistencies (see Tables 11 and 12 compared with the columns for the Top-Down approach of Tables 6 and 7) .
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But the deviation in the savings level is quite big , even after having eliminated the problem of data inconsistency, and it allows us to believe that all the effects from the micro level of analysis are absorbed by the change in savings (and consequently of investments), and only in a very small part they are transmitted to the rest of the economy. Thus, a doubt arises: is consumption in our case 22 the right variable to pass the feedback effects onto the CGE model?
And then, the choice of letting the marginal propensity to save free to vary in the CGE model was the best channel to transmit these feedback effects to the whole economy?
Which is the parameter we have seen to be driving the biggest change between the micro and the macro level? It is income the tax rate, which is in our case the main determinant of disposable income. So let us try to use this parameter (conveniently "aggregated" into a representative one), together with the change in aggregate labour supply, as communicating variable from the MS model to the CGE model. We will try to use not only the income tax rate from the MS model, but also the marginal propensity to save and the consumption shares. 20 In both our models, consumption and savings are simply modelled as fixed proportions of disposable income. 21 In the paper by Savard (2003) , where he analyses the case of Philippines using a TD/BU-C&LS approach, «… results of variation of this adjustment variable [the marginal propensity to save, n.d.a.] have shown to be relatively small» (page 21). This probably means that the feedback effects in that case are not particularly important for the results of the model. 22 We remember that in our case consumption is not modelled in a significantly different way in the two models.
However, there could be other cases where the level of consumption can be an important carrier of feedback effects from the micro level of analysis.
Results are shown in Tables 14 and 15 . As we can see by comparing these results with the ones in Table 6 and 7 for the Top-Down approach, feedback effects from the micro level of analysis can be important. In particular, in our case, we observe a different path for disposable income and tax revenues (due to the reduction of the income tax rate), and for savings and consumption, whose percentage changes are now closer to the ones of the MS model (see Table 16 ). Anyway, full consistency between the CGE and the MS model results is only obtained when working with consistent data and when all the parameters (change in labour supply, tax rates, marginal propensity to save and consumption shares) are transmitted to the CGE model.
However, if we report all these parameters from the MS model into the CGE model without having previously adjusted the data, we can see in Tables 14 and 15 that the problem of data inconsistency comes out again and distorts the results of the CGE model, and especially the level of savings (and that of investments as a direct consequence) 23 .
Here we would like to focus also on another important fact: the Top-Down approach suffers not only from the problem of a lack of feedback effects from the micro level of analysis, but it is not even exempt from the problem of data inconsistency. Indeed, the fact that the results of the two models (the micro and the macro model) do not coincide, as it is in our case, could be due either to a problem of initial data inconsistency or to a different microeconomic behaviour of the agents in the MS model. In any case, one has to decide which results are the most reliable ones in the case they do not coincide.
We report also results on income inequality and poverty changes after the simulation of the shock, for the three models described above (Tables 17 and 18 ).
As we can see, no big differences are observed with respect to the results reported in Tables 8   and 9 . This means that, at least in our case, the fact of taking into account feedback effects does not have a strong influence on the results on income distribution and on poverty change.
In any case, these values confirm once again the fact that the integrated approach tends to overestimate the effects of the shock on income inequality and poverty change, even though at the macro level we do not observe significant deviations in the main macroeconomic variables (see Tables 6 and 7) . 
CONCLUSION
In this paper we tried to give an assessment of the recent developments observed in methods that link together CGE and microsimulation models, with a special concern for the different linking approaches existing in the literature. Especially, we have focused our attention only on static models. By using data from a fictitious economy, we have built three models: one that follows the full integrated approach, as in Cockburn (2001); another one that follows the so called Top-Down approach, as it is developed in Bourguignon et al. (2003b) , and the last one that follows the method developed by Savard (2003) , also known as Top-Down/Bottom-Up model.
On one side we can say that a simple integrated approach like the one we have implemented in this paper is deficient on the side of the microeconomic specification and behavioural responses by individual agents. Anyway, the introduction of microeconometric behavioural equations into a CGE model looks of hard application and cumbersome for computational aspects.
On the other side, a Top-Down approach completely disregards the possible feedback effects coming from the microeconomic side of the economy, which could affect also the macroeconomic variables, as we have seen in subsection 5.1.
In our opinion, indeed, the TD/BU modelling looks the most complete approach, as on one side it can include all the possible microeconometric estimates to account for behavioural responses by individual agents, and on the other side it also takes into account the feedback effects from the micro to the macro level of analysis. «…The value added of this approach comes from the fact that feedback effects, provided by the household model, do not correspond to the aggregate behaviours of the representative households used in the CGE model» (Savard, 2003, page 20) .
However, two main problems arise when using this approach. First of all, the way in which these feedback effects are reported into the CGE model can affect results in a fundamental way. In particular, the fact of using shares or parameters instead of absolute levels (as in Savard's approach, 2003 , where consumption levels are used), when possible, seems to lead to more consistent results, especially for the fact that when transmitting absolute levels from the MS model one has to change the initial hypothesis of the CGE model (see section 4). Secondly, eventual data inconsistencies between the micro and the macro datasets can also affect results seriously, and this can be overcome only by adjusting either one or the other dataset, thus going back to the problem of data reconciliation encountered with the integrated model (see section 2). However, while with an integrated model we encounter this problem when building the model, when we run a TD/BU model without previously adjusting the data, we have the problem of data inconsistencies that enters the results and we are not able to distinguish which is the part of the change that is due to feedback effects and which is the part due to data inconsistencies. 
Appendix A -Equations for the CGE Model
CBUD H C P⋅ = ⋅ α q = 1,2 C.1 Demand for consumption goods ( ) [] ( ) CBUD
Appendix B -Inequality and Poverty Indices
Here, we will give details of some inequality and poverty measures used during the analysis.
Gini index
The Gini coefficient is one of the most commonly used indicators of income inequality. It is defined as:
where μ is the arithmetical mean of the incomes, N is the size of the population, and and are the incomes of agents i and j, respectively. Thus, the second factor at the right hand side represents the sum of the differences (in modulus) computed over all pairs of incomes. In the literature, however, we can also find different (although equivalent) definitions. In particular, it can be derived from the Lorenz curve, which plots the cumulative share of total income earned by households ranked from bottom to top (see below), in the following way:
where L(p) is the Lorenz curve. The previous formula thus measures the area that is laying between the curve and the diagonal as a fraction of the total area under the 45° line. In terms of 
If the Lorenz curve coincides with the 45° line, which represents the situation of perfect equality, then the integral in equation (A.1) will take the value of ½, and the Gini index will equal zero.
The Gini index can thus take values between zero (perfect equality) and one (maximum level of inequality, that is, when all the income in the economy is owned by only one individual:
). Thus, the smaller is the index, the smaller is the inequality in the economy.
The Gini index is very useful because it allows the ordering of different income distributions according to their level of inequality. 
Atkinson's index
Atkinson's index is one of the few inequality measures that explicitly incorporate normative judgments about social welfare (Atkinson, 1970) . The index is derived by calculating the socalled equity-sensitive average income ( ), which is defined as that level of per capita income which if enjoyed by everybody would make total welfare exactly equal to the total welfare generated by the actual income distribution. It is sometimes also called equally distributed equivalent income. It is given by: where is the proportion of total income received by individual i, and e is the so-called inequality aversion parameter, which measures the degree of society's inequality aversion. It indeed reflects the strength of society's preference for equality, and can take values ranging from zero to infinity. When e > 0, there is a social preference for equality (or an aversion to inequality). As e rises, society attaches more weight to income transfers at the lower end of the 
Coefficient of variation
The coefficient of variation is a measure of the dispersion of data around the mean. It is defined as the ratio of the standard deviation to the mean, that is:
The coefficient of variation is a dimensionless number that allows comparison of the variation of populations that have significantly different mean values. It is often reported as a percentage (%) by multiplying the above calculation by 100.
Generalized Entropy Coefficients
The family of Generalized Entropy indices satisfies a desirable property for inequality indices, that is, all the indices belonging to this family can be decomposed into a within-group and a between group contribution. The formulas for the indices are: Parameter c reflects different perceptions of inequality, with lower values indicating a higher degree of inequality aversion. A value of c greater than one means that differences at the higher end of the welfare distribution are assigned more importance than those at the lower end.
For the second index, known as Mean Logarithmic Deviation, a value of zero represents perfect equality and higher values denote increasing levels of inequality, within a given administrative unit. The parameter value 0 means that differences at the low end of the welfare distribution are assigned more importance than those at the high end.
Finally, Theil coefficient (or "information theory" measure) has a potential range from zero to infinity, with higher values (greater entropy) indicating more unequal distribution of income.
If instead everyone has the same (i.e., mean) income, then the index equals 0. If one person has all the income, then the index is equal to ln(N). The parameter value 1 means that differences are equivalently treated at all points in the welfare distribution.
The Theil index has the advantage of being additive across different subgroups or regions in the country. Indeed, it is the weighted sum of inequality within subgroups. For example, inequality within the United States is the sum of each state's inequality weighted by the state's income relative to the entire country.
If the population is divided into m certain subgroups and s k is the income share of group k, T k is the Theil index for that subgroup, and μ k is the average income in group k, then the Theil in- Therefore, one can say that a certain group "contributes" a certain amount of inequality to the whole.
Poverty Indices
Foster, Greer and Thorbecke (1984) This measure is also known as "Poverty Severity Index", as it gives an indication of the degree of inequality among the poor. The greater is the inequality of distribution among the poor and thus the severity of poverty, the higher is P . 
